Large elongated glands occur on Cercideae leaf surfaces. Leaves of Bauhinia (55 taxa, 53 species), Cercis (1 species), Phanera (1 species), Piliostigma (2 species), Schnella (19 species) and Tylosema (1 species) were observed to determine location and relative number of glands. They were only observed on the abaxial leaf surface of 42 Bauhinia taxa. The glands were analyzed by light stereomicroscope and scanning electron microscopy. They are large (up to 270 µm long and 115 µm wide) and multicellular, containing lipophilic substances, probably volatile oils. Presence or absence and density of the glands in species of Bauhinia may be useful to determine species delimitation or distinction among infraspecific taxa. Higher density of glands is more common in species from "cerrado" (a savanna ecosystem) and "caatinga" (a semiarid ecosystem from northeast Brazil) areas. Bauhinia species devoid of foliar glands are frequently from humid forests.
INTRODUCTION
Studies about secretory structures are valuable for many fields of plant biology. Some examples of such studies and corresponding objectives are: 1) identification or assignment of classes of substances produced and accumulated (Roshchina and Roshchina 1993) ; 2) test of hypotheses about their adaptive and physiological roles (Farrell et al. 1991) ; and 3) evaluation of their taxonomic significance (Sartori and Tozzi 2002) . Secretory structures consist of highly specialized cells involved in the synthesis and secretion, and in some cases reabsorption of substances, often corresponding to secondary metabolites (Esau 1977 , Fahn 1979 , Roshchina and Roshchina 1993 . Secretory structures may occur on foliar surfaces of some taxa of Fabaceae, such as species of the tribe Caesalpinieae (Lersten and Curtis 1996) and of the genus Chamaecrista (Conceição et al. 2009 ).
Bauhinia sensu lato is a large genus of Caesalpinioideae (Leguminosae) that is widely distributed in tropical and subtropical regions of the New and Old Worlds. Several of its species, commonly called "orchid trees", are praised for their floral beauty. A flower of B. blakeana is displayed on the regional flag of Hong Kong. B. acuminata, B. blakeana, B. galpinii, B. monandra, B. purpurea, B. tomentosa and B. variegata are cultivated as ornamental trees worldwide, specially in warm countries. In several parts of the world, Bauhinia species are used in popular medicine to control levels of glucose in the blood (Menezes et al. 2007 , Cechinel 2009 ). Many species of Bauhinia are easily recognized by their commonly bilobed leaves and palmate-arcuate leaf veins. The genus Bauhinia was placed as a member of Cercideae, together with Adenolobus, Griffonia and Cercis by Wunderlin et al. (1981 Wunderlin et al. ( , 1987 . However, the traditional delimitation of Bauhinia has been questioned. Queiroz (2006) and Vaz (2010) recognized Phanera as distinct from Bauhinia, pointing out distinctive vegetative and floral characters. Lewis and Forest (2005) hypothesized that Bauhinia sensu Wunderlin et al. (1987) (i.e., Bauhinia s.l.) is paraphyletic and suggested that a detailed revision of the group was needed. They proposed the division of Bauhinia s.l. into 8 genera: Bauhinia s. str. (150-160 species), Gigasiphon (4-5 species), Tylosema (4 species), Barklya (1 species), Lysiphyllum (8 species), Phanera (120-130 species), Lasiobema (15-20 species) and Piliostigma (3 species). Lewis and Forest (2005) observed that Lasiobema appears least well supported and that Schnella might prove to be distinct from Phanera. A molecular phylogenetic analysis of Bauhinia s.l. by Sinou et al. (2009) , based on the plastid DNA region trnL-trnF, yielded two large sister clades, one comprising the genera Gigasiphon, Lysiphyllum, Phanera, Barklya and Tylosema, and another embracing Piliostigma, Breniera and Bauhinia s.str. In addition, this analysis indicates that Phanera is polyphyletic, with the Asian species emerging together with Lasiobema and the American species forming another clade (= Schnella). In a reorganization of the Cercideae, Wunderlin (2010) divides the tribe into the subtribes Cercidiinae and Bauhiniinae. The former comprises the genera Cercis (6 species), Adenolobus (2 species) and Griffonia (4 species). The subtribe Bauhiniinae contains the genera Bauhinia (150-160 species), Barklya (1 species), Brenierea (1 species), Gigasiphon (5 species), Lysiphyllum (9 species), Phanera (Asian, 90-100 species), Piliostigma (5 species), Schnella (American Phanera, 40 species) and Tylosema (4 species). The present paper follows this taxonomic alignment for Cercideae, including reference for South American species under Piliostigma.
In Brazil, there are approximately 100 species of Cercideae (Rodrigues and Vaz 2008) . They correspond mostly to Bauhinia and Schnella, plus a few species of Bauhinia sect Benthamia (Fortunato and Wunderlin 1985) , here included under Piliostigma (see footnote in Table SI) (Supplementary Material). The species are distributed in nearly all ecosystems, including forests (Amazonian, Atlantic, gallery forests), savannas (cerrados, campos rupestres) and caatinga (dry deciduous forest of the semi-arid Brazilian Northeast) (Vaz and Tozzi 2003, 2005) . Species of Bauhinia and Piliostigma are trees and shrubs lacking tendrils, whereas species of Schnella are lianas and vines with tendrils.
An unusual kind of multicellular secretory structure, which is known as either a "boat-shaped" gland (Solereder 1908, Metcalfe and Chalk 1950) or an "inflated" trichome (Tucker et al. 1984) , was observed on leaf surfaces of Bauhinia.
We hypothesize that the presence of such glands may be a morphological character of taxonomic use for distinguishing amongst some taxa of Cercideae. Therefore, the present work aims to show the foliar glands of species of Cercideae and investigate their distribution and density on leaves in order to evaluate their distribution and possible taxonomic significance. In an attempt to detect differences in the density of glands among Brazilian species from distinct ecosystems, attention was given to habitat preferences of species. Figure 1 presents the affinity relationships within Cercideae and indicates which groups of the tribe are represented in the present work. 
MATERIALS AND METHODS

TAXA SAMPLING
ANATOMICAL STUDIES
Fresh leaves were fixed in CRAF III (Johansen 1940), hand-sectioned and dehydrated in ethanol series. The epidermis was studied using leaf sections cleared with 10% aqueous NaClO 4 . Both materials (epidermis clearings and leaf cross sections) were stained with Sudan IV (a lipophilic dye), wholemounted in glycerine: water (1:1) (Sass 1951) and analyzed with a Vanox AHB-LB Olympus microscope (Olympus Co., Tokyo, Japan).
SCANNING ELECTRON MICROSCOPY (SEM)
For scanning electron microscopy, fixed leaves were dehydrated in graded ethanol series, submitted to critical point drying with CO 2 (Leica EM CPD-030, Leica Microsystems, Heerbrugg, Switzerland), mounted on stubs, and coated with gold-palladium (Berlyn and Miksche 1976) . The preparations were examined with a Zeiss DSM-940 SEM (Karl Zeiss, Oberkochen, Germany).
IMAGE PROCESSING
Glands on leaves of herbarium specimens were observed and photographed with a Canon Rebel XT digital camera (Canon Inc., Tokyo, Japan), equipped with a 100 mm close-up lens and 68 mm extension tubes.
Leaves of herbarium specimens of all material listed in Table SI were observed with light reflected from abaxial leaf surfaces, using a stereomicroscope Leica DMLB (Leica Microsystems, Heerbrugg, Switzerland). IM50 software (Leica) was used for direct observation and image processing. For each taxon, the presence and density of glands were examined on the surface of three fully expanded leaves of each specimen. The number of glands was counted in five squares of 2.3 mm x 1.8 mm randomly selected on the lower third of the abaxial face of one of the leaves, paying particular attention to veins, intervenal spaces and margins.
RESULTS
LEAF GLANDS: MORPHOLOGY AND CONTENT
Leaf glands of Bauhinia are elongated and emerge from the abaxial surface on a short multicellular stalk ( Fig. 2A) . A large internal space is visible in transversal and longitudinal sections of the glands (Fig. 2A) . The glands are formed by a single layer of cells surrounding a cavity that accumulates oil (Figs. 2A, C) .
Gland contents are usually lost after fixation and by procedures to prepare histological sections in Paraplast ® or historesin. Hence, in this investigation, hand sections fixed in CRAF III (Johansen 1940) were used for histological observation. Reflecting strong staining by Sudan IV, the secretion inside the glands is oily. Glands of clarified leaves treated with Sudan IV exhibit a spherical lipophilic content (Fig.  2B) . A similar content is observed in non-sectioned glands (Fig. 2C) . Viewed by scanning electron microscopy, the cells delimiting the glands have no surface ornamentation and are elongated along the longer axis of the glands (Figs. 3C-E) . Glands are visible near the margin of the lamina in B. aculeata (Fig. 2D) (Fig. 3B) . In other species, such as B. forficata, they are long and slender (Fig.  3C) . In B. aculeata, the glands are wider at one end and narrower at the other (Figs. 3A, E) , while other species (e.g., B. longifolia) have broad cylindrical glands (Fig. 3D) . Glands of B. bombaciflora are spread uniformly on the leaf lamina (Fig. 4A) , while the glands are restricted to the leaf margin on leaves of B. galpinii (Fig. 4B) . Figure 4C shows the abaxial surface of a B. ovata leaf obtained with reflected light by stereomicroscopy; glands are seen to be spread evenly on the foliar lamina. A foliar gland of B. subclavata observed with higher magnification is seen in Fig. 4D . (Teixeira and Rocha 2009) and between the subgenera Lonchocarpus and Punctati of the genus Lonchocarpus -Fabaceae, Papilionoideae (Teixeira et al. 2000) . Lersten and Curtis (1996) described foliar surface glands of species of Caesalpinieae. types of glands that may appear on the surface of reproductive and vegetative organs of Indigofera (Leguminosae, Papilionoideae). Type 3 resembles the glands described in the present work: they have a short peduncule and a curved and oval head. But unlike the glands of Bauhinia, Indigofera type 3 glands have massive head. In addition, Bauhinia glands are longer than Indigofera type 3.
GLANDS AND ENVIRONMENTAL CONDITION
The glands described in the present work are confined to the abaxial leaf surface of the majority of species of Bauhinia. The material contained in the glands is probably volatile oil. Several lines of evidence lead to this assumption. First, the secretion is lipophilic, as shown by Sudan staining. Second, Duarte-Almeida et al. (2004) Table SI , the leaves of all these species possessed glands. Third, two species examined by DuarteAlmeida et al. (2004) failed to yield volatile oils: Schnella alata and S. outimouta (syn. Bauhinia alata and B. outimouta, respectively). Neither of the species exhibited foliar surface glands in the present investigation (Table SI) .
IMPLICATIONS FOR TAXONOMY
Our results indicate that foliar surface glands are useful to distinguish the genus Bauhinia from Cercis, Piliostigma, Schnella and Tylosema. Cercis is basal in the Cercideae phylogeny (Sinou et al. 2009 ). Cercis, plus Adenolobus, Griffonia and the large clade embracing Gigasiphon, Lysiphyllum, Lasiobema, Asian Phanera, "American Phanera" (= Schnella), Barklya and Tylosema, possess the intron rpL2. Loss of the intron is assumed by Sinou et al. (2009) to be a synapomorphy of the clade comprising Piliostigma, Brenierea and Bauhinia. As such, Piliostigma lacks both the rpL2 intron and foliar glands, whereas Bauhinia lacks the intron, but possesses foliar glands. The presence of glands appers to be a possible a synapomorphy of the Bauhinia clade. The glands are present in several internal clades of Bauhinia, such as the two clades corresponding to section Pauletia (e.g., B. pulchella and B. aculeata), the clade of section Bauhinia (e.g., B. dipetala), or the polytomy corresponding to section Telestria (e.g., B. variegata). Absence of glands in the genus (Table SI) 
